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COMPLETE SPECIFICATION 
Method and Apparatus for Forming Glass Optical Devices 



We, Faknswoiith Television & Kadio 
UohtoratioxTj u corporation organized 
unci existing under the laws of tlie State 
of Delaware, United States of America, 
5 of 3700, East Pontaic Street, Extended, 
Fort Wayne, State of Indiana, United 
States of America, do hereby declare the 
nature of this invention and in what 
manner the same is to be performed, to 
10 be particularly described and ascertained 
in and by the following statement: — 

This invention relates to a method and 
apparatus for manufacturing optical 
devices and more particularly to a 
16 method and apparatus for forming 
lenses of glass. 

The use of glass for high quality lenses 
is well known in the optical art, particu- 
larly in devices such as cameras or tele- 
20 scopes, where it is only required that a 
lens have a simple curvature. However, 
glass lenses axe comparatively expensive 
to manufacture even though they have a 
surface of simple curvature or, in other 

25 words, a surface of revolution. They re- 
quire extremely lengthy, tedious and 
• meticulous grinding operations whereby 
the lens is the most expensive component 
of a high quality camera or telescope. 

30 Thus, the cost of such equipment can be 
substantially reduced only by reducing 
the cost of its lens or lens system. 

Glass lenses are not only expensive to 
manufacture but they are also found to be 

35 wanting ^ in several other respects. It is 
substantially impossible with conven- 
tionally formed lenses to form optical 
images which, by scientific standards, are 
representative of an original image. For 

40 example, glass lenses may be cast to the 
desired configuration, but cast lenses are 

. found to include minute bubbles of air 
which, of ocurse, cause distortion of the 
optical image. Furthermore, there is 

45 great difficulty in casting a glass lens in 
such fashion that it will cool into the 
desired curvature. The forms used for 
ranting may be accurate so that in its 
heated condition the lens may have the 

50 desired curvature but shrinkage in 
different portions of the lens causes such 
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deformation of the curvature that, scien- 
tifically speaking, the final product has 
an entirely different configuration from 
that originally intended. 

Glass lenses may also be ground to the 
desired configuration. The conventional 
grinding process usually consists of 
machine grinding almost to the final 
curvature of the lens and final grinding 60 
and polishing are usually done manu- 
ally in an attempt to obtain the 
required accuracy of curvature. The 
difficulty of manually grinding a lens 
to within .0001 inch of the desired 05 
curvature is obvious to those skilled 
in the art. Thus, ground lenses are 
not only undesirable from the stand- 
point of accuracy but also are not adapted 
to mass-production methods. Further- 70 
more, only surfaces of revolution can be 
ground by machine whereby it is im- 
possible to grind by machine lenses of 
complex curvature. Thus it is seen that 
conventional methods of forming glass 75 
lenses are not adapted efficiently to pro- 
vide scientifically accurate lenses. 

Accordingly, the principal object of 
this invention is to provide a method and 
apparatus for forming lenses of glass. 80 

Another object of this invention is to 
provide a method and apparatus for form- 
ing, to a high degree of accuracy, glass 
lenses by a process of controlled chemical 
decomposition. 

Still another object of this invention is 
to provide a method of forming lenses by 
controlled chemical decomposition of 
glass. 

In accordance with the invention, there 90 
is provided a method and apparatus for 
forming glass optical devices by con- 
trolled chemical decomposition. A glass 
blank and an acid film-forming apparatus 
are disposed adjacent to one another for 95 
providing a thin film' of acid such, for ex- 
ample, as sulphuric acid on a surface of 
the g]ass blank. A mould having the 
negative configuration of the desired lens 
is movably mounted in alignment with 100 
the glass blank for movement into aucl 
out of contact with the blank, A source 
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of vaporized fluorine-bearing salt is dis- 
posed adjacent the path of movement of 
the mould for providing a thin film of 
the salt on the surface of the mould. 
5 There is also provided adjacent the blank 
and adjacent the path of movement of 
the mould, a source of gaseous substance 
which periodically may be made effective 
to clean the surfaces of the mould and 
10 of the blank for removing the films 
formed thereof. 

The foregoing apparatus is adapted to 
form at the points of contact between the 
mould and the blank a thin film of hydro- 
15 fluoric acid which acts chemically to de- 
compose thin layers of glass after each 
contact of the mould with the blank. 
After each such contact, the surfaces of 
the mould and of the blank are subjected 
20 to a cleaning action of a gaseous sub- 
stance for removing the films. By repeat- 
ing the foregoing process a great many 
times, it is possible to form a surface on 
a glass blank which accurately conforms 
25 to the configuration of the mould. 

The apparatus is not limited to its use 
in the formation of lenses but can be 
used for the construction of other optical 
devices such as prisms and mirrors, the 
30 invention being applicable to the forma- 
tion of curved reflecting surfaces and also 
to flat reflecting and refracting surfaces. 

For a better understanding of the 
invention, together with other and fur- 
35 ther objects thereof, reference is made 
to the following description, taken in con- 
nection with the accompanying drawings, 
and its scope will be pointed out in the 
appended claims. 
40 In the accompanying drawings : 

Figure 1 of the drawings is a side 
elevation, partially in section of 
apparatus adapted to carry out the 
invention ; 

45 Figure 2 is a view taken on line 2 — 2 of 
Figure 1; 

Figure 3 is a sectional view taken on 
line 3 — 3 of Figure 1, and 

Figure 4 is a view taken on line 4 — 4 of 
50 Figure 1. 

Referring to Fig. 1. of the drawings, 
there is provided in accordance with this 
invention a glass lens blank 1 which may 
be in the form of a rectangular block 
65 or approximately of the form of the lens 
which it is desired to produce. For ex- 
ample, the blank may initially be ground 
by a conventional process to have the 
approximate configuration of the desired 
60 lens. 

The blank 1 is disposed in contact with 
a cooling apparatus consisting of a heat- 
conducting container 2 aud a moling coil 
3, the convolutions of which are disposed 
65 in part in intimate contact with container 



£ as at wall 4. Coil 3 is connected, as 
illustrated in Fig. 1, with a refrigerat- 
ing apparatus o. The entire cooling 
appaartus is mounted on base 0 by means 
of conventional fastening means. For '0 
adjustably and accurately positioning 
blank 1 with respect to container 2, there 
is provided a conventional clamping 
apparatus 7 fixed to wall 4 and having 
adjustable jaws 9 which engage the 75 
blank for positioning it in intimate heat- 
conducting contact with the wall 4 of con- 
tainer 2. 

For forming an optical surface on the 
blank 1, there is provided a mould 12, 80 
the right-hand surface of which (Fig. 1) 
has the negative configuration of the 
optical surface which it is desired to form 
on the blank. The mould 12 may consist 
of a metallic body, for example, coated 85 
with a film of platinum. »Such a film 
may be electrolytically formed or it may 
be formed in accordance with other con- 
ventional procedures. The mould 12 is 
supported at one end of a tank 14 which 80 
is provided for maintaining the mould 
at a comparatively low temperature as 
will appear hereinafter in the descrip- 
tion. The tank may be filled with a suit- 
able fluid such, for example, as water, 95 
the boiling temperature of which is with- 
in the temperature range it is desired to 
maintain. 

For moving the mould 12 into and out v 
of contact with the blank 1, there is pro-~100 
yided a reciprocating mechanism consist- 
ing of vertical supports 17 and 18 together 
with a cylinder 20 which is supported in 
bearings 22 and 23 in the support 17 and 
18, respectively. The supports IT and 18 105 
are bolted, riveted or otherwise firmly 
fixed to the base member G whereby the 
reciprocating member 20 may be moved 
through a predetermined path with re- 
spect to the blank 1. 110 

For reciprocating the cylinder 20, there 
is provided an inner cylinder 25 fixed to 
a depending member 27 which is in turn 
fixed to a strut member 29. Member 29 
is fixedly supported between the members 115 
17 and 18. Cylinder 20 is slotted as at 
24 in register with depending member 27 
whereby the cylinder is permitted to re- 
ciprocate with respect to the member. 
Cylinder 20 is also provided with exhaust 120 
/ports 28, the purpose of which will be 
evident from subseq\ient explanations. 

For moving the reciprocating cylinder 
20, there is provided a source 30 of com- 
pressed air or other gas and the valves 125 
32 and 33 which are connected to source 
30 through the tubes 34. 35 and 30. 
Valves 32 ami 33 nrc connected to chan- 
nels 40 and 41 in member 27 l>v means of 
the tubes 43 and 44. Valves >2 ami m 130 
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include plungers 46 and 47 which are 
arranged to open or close the valves. For 
operating plungers 4G and 47, there is 
provided a motor 50 for driving a shaft 

5 51 on which are fixed cam members 54 
and 55. These cams are cut and disposed 
on shaft 51 in such a manner as to open 
valve 32 and close valve 33 or to open 
Valve 33 and close valve 32. Thus -when 

10 valve 32 is open, air pressure is built up 
in the right-hand chamber (Fig. 1) of 
cylinder 20 and when valve 33 is open, 
pressure is built up in the left-hand 
chamber of cylinder 20. "When the pres- 

15 sure is impressed on the right-hand 
chamber of cylinder 20, mould 12 is 
moved to the right into contact with 
blank 1 and after such contact is estab- 
lished, the valves are operated whereby 

20 the pressure is removed from the right- 
hand chamber of cylinder 20 by ports 28 
and built up in the left-hand chamber of 
cylinder 20 thereby to move mould 12 in 
the opposite direction away from blank 1. 

25 For preventing the mould from damag- 
ing the lens blank and for limiting the 
motion to the right, there is provided a 
spring-biased member 56 movably sup- 
ported in support 17 at 57. Spring 58 

30 biases member 56 to the normal position 
shown in Fig. 1. For engaging member 
56, there is provided member 59 adjust- 
ably fixed to cylinder 20. Spring 58 is 
designed so as to decelerate cylinder 20 

35 just prior to engagement of mould 12 
: with blank 1. Thus there will be only 
slight impact between the mould and the 
blank, thereby to prevent the mould from 
damaging the blank. 

40 For forming a film of acid on the sur- 
face of blank 1, there is provided a source 
60 of, for example, vaporized sulphuric 
acid. The source is connected through 
tube 61 with, for example, an arcuate 

45 tube 62 which is perforated at a plurality 
of points as at 63 (Fig. 2) to create an 
atmosphere of vaporized acid about the 
surface of blank 1. Since this surface is 
cooled by the cooling coil 3, a thin film 

60 of acid is condensed on the surface of the 
blank. 

For forming a thin film of a fluorine 
bearing salt on the surface of mould 12, 
there is provided a source 65 of, for ex- 

55 ample, potassium fluoride or sodium 
fluoride which is disposed in contact with 
flame 66. The flame 66 may be produced 
by, for example, a Bunsen burner 67. 
Flame 66 serves to vaporize the fluorine 

60 bearing salt and since the surface of 
mould 12 is relatively cool, there is con- 
densed thereon a film of fluorine bearing 
salt. As described hereinbefore, tank 14 
is provided for the purpose of cooling 

66 mould 12 and it is contemplated that 



flame 66 will boil the fluid in tank 14 
whereby the surface of mould 12 is con- 
stantly maintained at the boiling tem- 
perature of the fluid. 

For removing the films on the surfaces 70 
of blank 1 and mould 12, there is pro- 
vided a source 70 of steam, for example. 
Disposed adjacent the surface of blank 1 
is an arcuate member 71 which is per- 
forated at a number of points as at 72 75 
(Fig. 2) and connected by tubes 73 and 74 
with source 70. There is provided adja- 
cent the path of movement of mould 12 
another arcuate member 75 (Fig. 4) 
which is connected to tube 73 by tube 80 
76. Member 75 is perforated in a manner 
similar to member 71 whereby the sur- 
face of mould 12 may be subjected to a 
blast of steam for removing the film 
thereon. " 35 

For timing the cleaning periods, there 
is connected between tubes 73 and 74 a 
valve 78 similar to valves 32 and 33. For - 
operating the plunger 79 of valve 78 
there is provided on shaft 51 a third cam 90 
SO which is cut and disposed on the shaft 
in such a manner that plunger 79 is 
operated to open valve 78 as mould 12 re- 
cedes from blank 1 and is approximately 
m register with the perforations of mem- 95 
ber 7o. 

For forming a glass lena in accordance 
with this invention, the blank 1 is 
clamped in heat-transferring relation 
with respect to container 2 bv the clamp- 100 
mg members 9. Members 9 are adjusted 
to hold blank 1 in predetermined position 
with respect to mould 12 whereby the 
surface to be formed will be accurate 
with respect to the mould. Motor* 50 is 105 
energised to rotate cams 54 and 55 
thereby successively to open and close 
valves 32 and 33. Compressed air from 
source 30 is admitted by the valves 
through tubes 34, 35 and 36, 43 and 44 110 
to first one and then the other chamber 
of cylinder 20 whereby mould 12 moves 
into and out of contact with the surface 
of blank 1. Exhaust ports 28 in cylin- 
der 20 are of such size and number that 115 
.they do not prevent the building up of 
operating pressure. On the other hand 
porta 28 permit a sufficient exhaust of 
•*<ir in one chamber so that increase of 
pressure in the other chamber may move 120 
the cylinder. The source 60 and tube G2 
provide an atmosphere of vaporized sul- 
phuric acid about the surface of blank 1 
whereby a film of sulphuric acid is con- 
densed on the surface of blank 1. A 125 
fluorine bearing salt film is formed on the 
surface of mould 12 by source 05 and 
flame (16 as described hereinbefore. 

As mould 12 moves toward the blank 
1, it eventually contacts the high points 130 
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on the blank and at the points of contact 
the fluorine bearing salt film on the 
mould combines with tlie film of sul- 
phuric acid on the blank. This produces 
•6 a chemical reaction at the points of con- 



tact as indicated by the following: 

2 Xa F + H 2 S0 4 -^ Xa- SO.i + H-F, 

When this reaction occurs, the glass at 
the high points is acted upon as follows ; 



JO 



Glas 



iss 



BiO a + 3H-F-r 



-> SiF., X+2H.0 



f 

Na- Si0 3 + 3 H 2 F,-> SiF, | + :JH 2 0 + Nu- F 2 
t'u Si0 3 + -3 H a F s — >■ SiF, ^ + 3H a 0 + Ca F a 



l*roin the foregoing, it is apparent that 
a minute layer of glass is removed at 
each point of contact between the mould 
and the blank. It is also apparent that 
15 at each point of contact there is on the 
mould and on the blank a thin layer of 
the products of decomposition such, for 
example, as water, sodium fluoride aud 
calcium fluoride. 
20 The above described reaction occurs 
Vlurmg and after the period of contact 
between the mould and the blank, and the 
reaction may be allowed to continue dur- 
ing any desired period of the return 
26 stroke of member 20 and mould 12. After 
the desired interval, the cam 80 operates 
valve 78 whereby steam under high pres- 
sure flows from members 71 it ml 75 to 
forcibly remove the films from blank 1 
30 and mould 12 and stop tlie chemical re- 
action. Tims, after each contact of the 
mould and the blank, minute quantities 
of glass are' removed from the blank. It 
is to be noted that steam should flow 
35 when mould 12 is adjacent the member 
7o. Also, member 75 may be positioned 
to allow the desired reaction period. 

The foregoing cycle of operation is re- 
peated until the entire surface of the 
40 blank 1 is engaged by the surface of the 
mould at which time the operation of the 
apparatus is terminated and a finished 
lens surface is produced. Member 59 
may be adjusted with respect to cylinder 
45 20 to determine with accuracy the ex- 
treme limit of motion of cylinder 20 
thereby effectively to terminate the for- 
mation of the lens surface. 

The advantages of this invention are 
50 apparent from the foregoing description. 
It is to be noted that since extremely 
minute quantities of glass are removed at 
each contact of the mould and the blank, 
an extremely accurate surface is formed 
55 on the blank. The process is not limited 
to the formation of surfaces of revolution 
but any type of optical surface may be 
formed in accordance with the surface erf 
the mould. Highly skilled workmanship 
60 is entirely unnecessary and the time of 
formation is materially reduced whereby 
in reduce materially the cost of the lens.. 



It is not intended that this invention 
shall be limited to the specific apparatus 
disclosed herein. For example, it is within 65 
the scope of this invention to support tlie 
lens blank on the reciprocating member 
20 and to support the mould in such 
fashion that the lens blank may be moved 
into engagement therewith. "Also it i- 70 
within the scope of this invention to con- 
dense on the mould a film of sulphuric 
acid and to condense on the blauk a film 
of fluorine bearing salt. It is not neees- ' 
sarv that the specific type of apparatus 75 
for moving the mould be utilized in carry- 
ing out the invention as various other 
types of reciprocating apparatus are 
equally adaptable. 

TThile there has been described win; S is 80 
at present considered the preferred em- 
bodiment of the invention, it will be 
obvious to those skilled in the art that 
various changes and modifications mav be 
made therein without departing from the 85 
scope of the invention. 

Having now particularly described ami 
ascertained the nature of our said inven- 
tion and in what manner the same is to 
be performed, we declare that what we 90 
claim is : — 

1. The method of forming glass lenses 
and like optical devices comprising form- 
ing a film of one ingredient of a glass 
attacking composition on a glass blank. 95 
forming a film of another ingredient of 
the glass attacking composition on the 
surface of a mould which is a negative of 
the device to be produced and contacting 
portions of said films on the high points 100 
of said blank to produce a glass attack- 
ing film on said blank at said points 

2. The method as claimed in Claim 1, 
in which one film is sulphuric acid and 
the other film is a fluorine bearing salt. 105 

3. The method as claimed in Claim 1. 
in which the glass blank and the moulrl 
are separated periodically and their sur- 
faces cleaned and new films formed there- 
on and again brought into contact. uq 

4. The method as claimed in Claim 3, 
iu. which the cleaning of the surfaces 
of the glass blank and the mould is 
effected by flowing a gaseous substance at 
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high velocity over tke said surfaces. 

o. Api)aratus for forming glass lenses 
and like optical devices comprising means 
for liolding a glass blank and a mould 
5 Tvhich is a negative of tke device to be 
produced, means for periodically contact- 
ing tke surfaces of tke blank and mould, 
and means for producing a film of glass 
attacking composition at tke points where 
10 tke surfaces contact one another. 

G. Apparatus as claimed in Claim 5, 
wherein tke glass blank is keld stationary 
and tke mould is caused to reciprocate 
by ineckanical means. 
15 7. Apparatus as claimed in Claim 5, 
wherein a film of acid is deposited on tke 
glass blank or on the mould and a film 
of fluorine bearing salt is deposited on 
tke mould or on. the blank, to produce 
20 hydrofluoric acid at tke points where tke 
glass blank and mould make contact. 

8. Apparatus as claimed in Claim 7, 
in which tke film of fluorine bearing salt 
is produced by vaporising the salt from a 
25 source disposed adjacent said mould and 
tken condensing same on tke required 
surface. 



9. Apparatus as claimed in Claim 5, 
wherein tke means for removing tke pro- 
ducts of decomposition includes means for 30 
flowing a gas or vapour on said mould 
and said glass blank after eack contact 
tkereof. 

10. Apparatus as claimed in Claim 9, 

in which tke means for flowing tke gas 35 
over the surfaces of tke mould and glass 
blank are perforated^ arcuate tubes dis- 
posed adjacent said mould and glass 
blank. 

11. Apparatus as claimed in Claims G 4Q 
and 9 wkerein tke ineckanical means for 
reciprocating tke mould is operatively 
associated with a valve or valves for con- 
trolling the flow of tke gas or vapour so 

as to impart a timed sequence of events. 45. 

12. Apparatus as claimed in Claim 7 
in wkick tke glass blank is associated 
witk means for cooling the glass so that 
the acid is deposited thereon from a 
vapour by condensation. fiO 

Dated this 31st day of October, 1945. 
MARKS & CLERK. 
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